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第 2 章では、Ni 担持褐炭触媒の高活性化を目的として、より低温化させるための触媒担持条
件を検討した。試料としてヒノキを使用した。褐炭が含有する含酸素官能基、特にカルボキシ
ル基のプロトンに Ni をイオン交換して担持することによって、褐炭チャー中に Ni を高分散さ
せることが出来、タールの低温分解が可能であることが報告されている。但し、この担持方法




〜27wt%の Ni 担持褐炭触媒を調整し、タール分解活性、水蒸気改質活性、Ni 触媒の化学的・
物理的特性を検討した。 




性触媒を調整することが出来た。Ni 担持褐炭チャーの XRD 分析および電子顕微鏡観察を行っ
たところ、400℃から 500℃でか焼処理した試料中には平均粒子サイズ 5nm の金属微粒子 Ni

















 第 5 章は全体の総括である。 
 
 
 Study on low temperature pyrolysis of biomass waste to 
produce fuel gas and fertilizer 
Keiichi Kaneko 
 
Biomass waste is expected to be used to prevent global warming and realize a low carbon 
society. In this thesis, high efficiency and economical biomass waste gasification process 
has been developed. 
Chapter 1 outlines the current status of industrial and biomass wastes in Japan and 
summarizes the development issues of the waste gasification technologies for practical 
application.  
Woody biomass waste such as cedar and cypress is one of major biomass wastes, which is 
released at sawmills and construction demolition. This is generally utilized by the 
combustion in a stoker type or fluidized bed type combustion furnace to generate 
electricity by a steam turbine. The power generation efficiency is about several% to about 
19%. In contrast, livestock waste which is the second largest amount of industrial wastes 
in Japan is mostly composted, however the large amount of the composted biomass causes 
the problems such as excess fertilization and groundwater contamination. Therefore, the 
development of an appropriate treatment method of the waste is desired. In Gunma 
prefecture, there are surplus compost as much as 700,000 tons per year, and its effective 
utilization is an urgent issue. 
Biomass gasification technology has attracted attention as a highly efficient utilization 
technology and has been developed all over the world. The highly efficient gasification of 
the biomass waste needs lower gasification temperature because the waste biomass shows 
high moisture content and low heating value, however the gasification at low temperature 
produces heavy hydrocarbon tar which causes a severe operation problems such as the 
plugging of lines, filters. Therefore, the development of low cost and highly active catalysts 
to decompose tar is an important subject. Gunma University has already developed an 
inexpensive tar decomposition catalyst such as the Ni loaded brown coal (NLBC) which 
could decomposed the tar at 600°C, however the gasification at lower temperature (below 
600°C) should be performed for the practical application. On the other hand, the 
production of highly valuable materials from gasification residue is effective to improve 
the economic efficiency of the gasification process. For example, poultry manure contains a 
large amount of fertilizer components such as phosphorus and potassium, however the ash 
treated at higher temperature is mainly composed of calcium oxide which shows too strong 
alkalinity to use as chemical fertilizer. Therefore low temperature gasification should be 
needed in the case of the production of fertilizer. 
In Chapter 2, the preparation conditions of NLBC were studied to reduce the gasification 
temperature. Cypress was used as a biomass sample. It has been reported that Ni can be 
highly dispersed in brown coal char by ion exchange of Ni ion and proton in the oxygen 
functional groups of brown coal and the prepared NLBC showed high activity for the tar 
decomposition, however the amount of Ni is limited by the amount of carboxyl group in the 
ion exchange method (The maximum Ni loading amount was about 9 wt%). In this chapter, 
the combination of ion exchange and impregnation methods was studied to increase the 
loading amount of Ni on brown coal char. The amount of loaded Ni by using ion exchange 
and impregnation method was from 8.6 to 27 wt%. The tar decomposition activity and the 
chemical and physical properties of the Ni catalyst were examined. 
The 20% NLBC char showed the highest activity for the tar decomposition even at an 
extremely low temperature of 400°C. The gas yield of the 20wt% NLBC catalyst was 3.8 
times larger than that of inert sand. In addition, the gas yield was further increased by 
introducing steam. XRD analysis and electron microscopic observation of the NLBC char 
prepared at 400°C and 500°C revealed that Ni particle having an average particle size of 5 
nm were finely dispersed in the char matrix. Ni fine particles could be recovered from 
NLBC by a combustion. Therefore the co-production of energy and function material such 
as Ni fine particles could be achieved by low temperature gasification of woody biomass. 
In Chapter 3, the utilization of the residue from poultry manure gasification for chemical 
fertilizer was studied to improve the economic efficiency of the gasification process. 
The gasifying residues of poultry manure were recovered by using a low temperature 
carbonizing/ashing kiln type possessing the capacity about 1 ton/day. The investigation of 
the behavior of metals such as phosphorus, potassium and calcium in poultry manure 
during the gasification process revealed that most of these metals were concentrated in 
the gasification residue. The cultivation test of Komatsuna was carried out using the 
gasification residue. The yield of Komatsuna using the residue was the same or a slight 
increase compared with that using a conventional chemical fertilizer. This result indicates 
that the gasification residue from poultry manure could be used as a fertilizer.  
Chapter 4 showed the simulation of cost efficiency in two cases such as the co-production 
process of energy and Ni particles from cypress in Chapter 2 and the co-production process 
of energy and fertilizer from poultry manure in Chapter 3 at a practical scale of 100 
ton/day. The simulation revealed that the low temperature gasification process could 
recover the investment in a shorter period than conventional plants. 
Chapter 5 concludes the works in this thesis. 
